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Holm, Jeff W., M.S., 1984 Wildlife Biology
Nest Success and Cover Relationships of Upland-nesting Ducks in 
Northcentral Montana (35 pp.)
Director: I. J. Ball ^
Duck nest densities and nest success were studied in 5 cover 
types on the Bowdoin National Wildlife Refuge in northcentral 
Montana during 1982 and 1983. The cover types consisted of 4 range
sites and dense nesting cover (DNC). Nests were located using a
cable-chain drag. Visual obstruction of vegetation was measured at 
nest sites and at a point 6 m north of each nest. Hatch rates were 
calculated from daily survival rates. Of 367 nests located, 36% 
were gadwall (Anas strepera),^27% northern shoveler (A. clypeata), 
12% blue-winged teal (A. discors) / 12% lesser scaup (Aythya 
affinis)". 7% northern pintail (Anas acuta), 5% mallard (A. 
platyrhynchos). < 1% American wigeon (A. americana)T and < 1% 
redhead (Aythya americana)T Nest density was highest in saline 
lowlands (1.06 nests/ha), followed by DNC (0.68 nests/ha), panspots 
(0.35 nests/ha), silty (0.19 nests/ha), and shallow clay (0.13 
nests/ha). The average nest density for native grasslands was 0.31
nests/ha. Nest success averaged 49% for all cover types sampled.
Nest success in DNC (28.3%) was significantly lower than in other 
cover types. Nest success in native grasslands averaged 76.1% in 
saline lowlands, 67.0% in shallow clay, 64.8% in panspots, and 
49.8% in silty sites. Late nesting species showed a significantly 
higher nest success (65.4%) than early nesting species (34.6%).
The primary cause of nest loss was depredation (67% of all 
unsuccessful nests, N = 100). Nest depredations were attributed to 
striped skunks (Mephitis mephitis) - 39%, red fox (Vulpes vulpes) - 
22%, coyote (Canis latrans) - 12%, Richardson's ground squirrel 
(Spermophllus richardsonli) - 7%, raccoon (Procyon lotor) - 7%, avian 
- 5%, mink (Mustela vison) - 2%, and unknown predators - 6%. Mean 
visual obstruction of vegetation was significantly higher at nest 
sites than at a point 6 m north of each nest, indicating that hens 
chose nest sites in relatively dense patches within the mosaic of 
available grasslands. Management recommendations stress the impor­
tance of organism-defined habitat perception, passive predator 
control measures, periodic disturbance of native grasslands to 
maintain or improve the quality of nesting habitat, and stringent 
application of DNC establishment guidelines. The potential for 
duck production in portions of the arid mixed-grass prairie is 
higher than often has been recognized.
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INTRODUCTION
Annual surveys on the Bowdoin National Wildlife Refuge have shown a 
general decline in the production of upland nesting ducks from 1975 to 
1981. Refuge personnel suspected that the decline was caused by 
deterioration in quality of nesting habitat and an increase in nest 
depredation. Numerous studies have implicated nest depredation as a 
primary cause of reduced nesting success in other areas (Keith 1961, 
Baiser et al, 1968, Smith 1971, Stoudt 1971, Higgins 1977, Duebbert and 
Lokemoen 1980). A decline in available nesting cover may be related to 
increased levels of depredation (Duebbert 1969, Dwernychuck and Boag 
1972, Schrank 1972, Griffith 1974, Kirsch et al. 1978) and, ultimately, 
to a lower density of nesting birds (Kirsch 1969, Jarvis and Harris 
1971, Smith 1971, Clark 1977).
The objectives of this study were to: (1) determine species 
composition of upland nesting ducks on the Refuge; (2) determine 
densities of nesting waterfowl in each cover type; (3) determine nest 
success for each species and within each cover type; (4) determine loss 
to nest predators in each cover type; and (5) quantify upland cover for 
comparison between nest sites and adjacent locations in each cover type.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
STUDY AREA
The Bowdoin National Wildlife Refuge is located in central Phillips 
County in northcentral Montana (Fig. 1). The 6337 ha Refuge lies in the 
Milk River Valley at approximately 671 m elevation, within the Eastern 
Glaciated Plains (Ross and Hunter 1976). The area was glaciated 15,000 
years ago but does not have the preponderance of potholes found in the 
true drift prairie. Lake Bowdoin (1628 ha) was an oxbow of the Missouri 
River prior to the last glacial period (Alden 1932). Stoddart et al. 
(1975) described the vegetation of this area as shortgrass prairie, but
Weaver and Albertson (1956), and Bailey (1978) classified it as arid
mixed-grass prairie.
The climate in this area is cool and semi-arid, characterized by 
cold dry winters and warm summers. Temperatures range from an average of
-11* C in January to an average of 22* C in July. Average annual
precipitation is 31.6 cm, with over 50% occurring from April through 
July, Average length of the frost-free season is 128 days (U.S. Weather 
Bureau 1964).
The Refuge was established by an act of Congress (Executive Order 
No. 7295) in 1936. The Refuge mission is to provide optimum nesting and 
migration habitat for migratory birds, suitable habitat for resident 
wildlife, and an opportunity for public use (Bowdoin NWR 1979).
Wetlands of various types (Table 1) make up 52% of the Refuge (3289 
ha). Of this total, 84.2% (2767 ha) is comprised of saline marshes. The 
upland areas are classified into 6 types (Table 2), of which native 
grasslands and 5 plantings of dense nesting cover (DNC) constitute the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 1. Area Inventory of the Bowdoin NWR.
Area Type Hectares Percent
Wetlands
Fresh Shallow Marshes 155 2.4
Fresh Seasonally Flooded Basins or Flats 366 5.8
Saline Marshes 1140 18.0
Open Saline Marshes 1628 25.7
Subtotal 3289 51.9
Uplands
Native Grasslands 2707 42.7
Inland Saline Flats 122 1.9
Introduced Grasslands 68 1.1
Dense Nesting Cover (DNC) 80 1.3
Brush, Shelterbelts 41 0.6
Administrative Lands 30 0.5
Subtotal 3048 48.1
Total 6337 100.0
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Table 2. Range sites and condition classes on the Bowdoin NWR (USDA 1970).
Condition claas
Range site Excellent (ha) Good (ha) Fair (ha) Total (ha)
Panapots 1026 11 7 1044
Silty 852 270 0 1122
Saline Lowland 299 0 0 299
Dense Clay 25 108 0 133
Shallow Clay 92 13 0 105
Overflow 0 18 0 18
Totals 2374 "420 J 2801
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
majority of available waterfowl nesting habitat.
Native grasslands on the Refuge fall into 6 range site categories 
(Table 3). Of these, panspots and silty range sites comprise 80% of the 
total area. Eighty—five percent of the area comprised of native 
grasslands is in excellent range condition (USDA 1970). The dominant 
grass species on the panspot range sites are needle and thread (Stina 
comata). western wheatgrass (Aeropvron smithii) and inland saltgrass 
(Distichlis spicata). The dominant shrubs are silver sagebrush 
(Artemisia cana) on non-saline areas, and greasewood (Sarcobatus 
vermiculatus) in the more saline areas. Dominant forbs include western 
yarrow (Achillea millefolium) and a variety of mustards (Brassicacae). 
These areas are also subject to localized blooms of yellow sweetclover 
(Melilotus officinalis) during wet years. All of the panspot sites 
contain a component of pricklypear cactus (Opuntia polvcantha) 
throughout. Although pricklypear is considered an invader on these 
sites, and should constitute a small portion of the species composition, 
it persists even on those sites that are in excellent condition.
On silty range sites in excellent condition, the dominant grasses 
are western wheatgrass and needle and thread. On good condition sites, 
blue grama (Bouteloua gracilis) and prairie junegrass (Koeleria 
pyramidata) increase as western wheatgrass and needle and thread 
decrease. Shrubs are not a major component of this site, although 
patches of silver sagebrush and winterfat (Ceratoides lanata) occur on 
some areas. Fringed sage (Artemisia frigida) is common on the good 
condition sites. Western yarrow and scarlet globemallow (Sphaeralcea 
coccinea) are common forbs on both excellent and good condition sites.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 3. Major cover types sampled, total available hectares 
on the study area, hectares sampled, and percent of 
total sampled.
Cover type Total ha Ha sampled Percent
Sampled
Silty 798 164.5 21
Fanspots 633 194.2 31
Saline Lowland 88 25.6 29
Shallow Clay 92 45.6 50
DNC 80 80.0 100
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The silty sites also have a pricklypear cactus component. Most of the 
hilltops in this range site are infested with clubmoss (Selaginella 
densa). This plant forms a fairly complete groundcover on these areas, 
with a small component of blue grama, needle and thread, fringed sage, 
and scarlet globemallow.
Dominant grasses on the saline lowland sites are western wheatgrass 
and alkali bluegrass (Poa iuncifolia). The dominant shrub on this site 
is greasewood, which usually comprises over 10% of the ground cover. The 
forbs are mostly mustards. On saline lowland sites with high water 
tables, the cover consists primarily of greasewood and mustards.
The dominant grasses on shallow clay sites are western wheatgrass 
and needle and thread, with Sandberg bluegrass (Poa sandbergii) 
comprising less than 15% of the cover. Winterfat can be an important 
component of these sites if they are in excellent condition.
Grass cover on the overflow site consists primarily of western 
wheatgrass and green needlegrass (Stina viridula). Grass cover is 
uniformly dense, and shrubs and forbs comprise an insignificant portion 
of the cover (< 15%).
The 5 DNC plantings range in size from 4 to 25 ha. Four of the 
plantings are comprised of a mixture of tall wheatgrass (Agronvron 
elongatum). intermediate wheatgrass (A. intermedium). and alfalfa 
(Medicago sativa). One planting is comprised of basin wildrye (Elvmus 
cinereus) and alfalfa.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
METHODS
Major range sites were identified front a Soil and Range Inventory 
conducted by the Soil Conservation Service (USDA 1970). Range site 
condition classes were assigned from the 1970 survey and from field 
surveys with Soil Conservation Service and Bureau of Land Management 
personnel in 1983. Of the 6 range sites present on the study area, 4 
were considered for sampling (Table 3). Of the remaining 2 range sites, 
the dense clay areas (133 ha) were flooded during most of the spring, 
and were considered unavailable for nesting. The single overflow area 
consisted of 11.1 ha and was considered insignificant. Two hundred and 
forty-six hectares of the silty range site, and 326 ha of the panspot 
range site contained open alkaline flats and were excluded from the 
total area considered available for nesting. In addition, 71% (211 ha) 
of the saline lowland range site had a high water table and was 
considered unavailable for nesting.
Each range site (minus the exclusions discussed above) was mapped 
and divided into units of 40-80 ha using a combination of existing 
boundaries (fence lines, roads, trails, tree rows, drainages and 
shorelines) and boundaries surveyed from fence lines and section 
corners. For each range site, sample units were chosen randomly until 
20% of the total site area was included in the sample. Final sample size 
ranged from 20% of the silty range site to 30% of the shallow clay range 
site (Table 3). Overall, 27% (426 of 1600 ha) of the upland range sites 
was sampled. Each of the 5 DNC fields was considered a sample unit.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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All of the study units were sampled twice during each year of the 
study. Searches were conducted between 19 May and 27 July in 1982 and 
between 4 May and 1 July in 1983. On dry upland range sites, nests were 
located by flushing hens with a 54 m cable-chain drag towed between 2 
tractors (Biggins et al. 1977). Study units located in saline lowland 
range sites were searched using either a hand-pulled drag consisting of 
a 6 m rope with 0.5 m lengths of chain attached at 1.5 m intervals 
(after Duebbert and Kantrud 1974), or by 2 observers walking 3 m apart 
using sticks to disturb the vegetation. Nest searches were conducted 
between 0700 and 1400 hours on normal days and between 0700 and 1200 
hours on hot days; searches were not conducted during inclement weather.
Species identification usually occurred as hens flushed during the 
initial search. When this was not possible, the size and color of eggs, 
down and breast feathers (Broley 1950), or observation of the hen during 
subsequent nest checks served to identify species.
To minimize disturbance of cover, nests were approached and data 
collected by 1 observer whenever possible. In dense cover, 2 searchers 
were used to minimize the duration of the visit. During the second 
search of the DNC in 1982, a dog was used to assist in locating nests 
because of prolonged search times otherwise required in the dense cover.
Eggs were counted at each nest, and stage of incubation was 
determined using a field candler (Weller 1956). Visual obstruction 
measurements (Robel et al. 1970) were recorded at each nest and at a 
point 6 m north of each nest so the nest locations could be compared 
with nearby, but unused locations within the range site. This procedure 
was followed in an attempt to eliminate the temporal variation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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incorporated in comparing measurements taken at nest locations with 
periodic measurements taken along transects. This procedure also 
permitted paired testing, eliminating variation among cover types 
arising from differences in productivity of the sites and morphology of 
the associated plant species. The visual obstruction measurements were 
used as an index of the screening efficiency of the vegetation (Robel et 
al. 1970, see also Emlen 1956), and have been used in previous studies 
to quantify duck nesting habitat (Kirsch et al. 1978).
Nest locations were marked with flagged sticks placed 6 m north of 
the nest, and were plotted on field maps to facilitate relocation. Nest 
initiation and hatching dates were estimated for each nest using clutch 
size and incubation stage. Nests were considered successful when 1 or 
more eggs had hatched. Unsuccessful nests were classified as depredated, 
abandoned, or unknown. Depredated nests were examined to determine the 
predator species involved (Sooter 1946, Sowls 1948, Reardan 1951). In 
addition, field records were kept of predator sightings and sign.
Hatch rates were calculated from nests of known fate using the 
Mayfield - 40% method based on daily survival rates (Mayfield 1961,
1975, Miller and Johnson 1978, Klett and Johnson 1982). Comparisons of 
nesting success were based on daily survival rates rather than nesting 
success calculated for the entire nesting interval (Johnson 1979). Nest 
densities were calculated from the total number of nests located, 
excluding scrapes or bowls without eggs.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RESULTS AND DISCUSSION
Species Composition
During the 2 field seasons, 367 duck nests were located (Table 4). 
In both 1982 and 1983, gadwall (Anas strepera) and northern shoveler 
(Anas clypeata) nests comprised over 60% of those found. This would seem 
to support the observations that breeding gadwalls and northern 
shovelers use alkaline waters to a greater extent than other dabbling 
ducks, and that the northern shoveler is not as dependant on residual 
cover for nesting as are other species of upland nesting ducks (Palmer 
1976), In most years substantial residual cover is only present along 
drainages on the study area (pers. comm. Gene Sipe, Refuge manager, 
Bowdoin NWR). This lack of residual cover may, in part, explain the 
relatively low numbers of mallard (Anas platvrhvnchos) and northern 
pintail (Anas acuta) nests found. Both of these species nest early and 
thus are more dependent on residual cover than later nesters. Keith 
(1961), in a study conducted in southeastern Alberta, found that 
approximately 85% of the nest cover for mallards and northern pintails 
consisted mainly of residual cover. In contrast, later-nesting northern 
shoveler and blue-winged teal (Anas discors) nesting cover consisted of 
approximately 65% residual cover, and gadwall and lesser scaup (Avthya 
affinis) nest cover consisted of less than 25% residual cover.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 4. Species composition and number of nests located on the 
Bowdoin NWR, 1982-1983. () • percent composition.
No. of nests found
Species 1982 1983 Combined
Gadwall 67 (40) 65 (33) 132 (36)
Northern Shoveler 35 (21) 65 (33) 100 (27)
Lesser Scaup 19 (11) 24 (12) 43 (12)
Blue-winged Teal 25 (15) 18 (9) 43 (12)
Northern Pintail 8 (5) 17 (8) 25 (7)
Mallard 10 (6) 7 (3) 17 (5)
American Wigeon 0 (0) 3 (2) 3 (<1)
Redhead 1 (<1) 0 (0) 1 (<1)
Unknown 3 (2) 0 (0) 3 (<l)
Totals 168 (100) 199 (100) 367 (100)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Nest Density
Nest densities ranged from a low of 0.11 nests per hectare in 
shallow clay in 1983, to 1.13 nests per hectare in saline lowlands in 
1983. Nest densities for all range sites combined averaged 0.25 nests 
per hectare in 1982 and 0.35 nests per hectare in 1983 (Table 5). These 
figures are somewhat lower than most authors have reported for 
undisturbed mixed-grass prairie in regions of higher precipitation.
Keith (1961) recorded densities of 0.29 nests per hectare in Alberta, 
Rodriguez (1984) found 0.58 nests per hectare in northeastern Montana, 
and Kirsch (1969) found nest densities ranging from 0.69 to 0.91 nests 
per hectare in eastern North Dakota. However, Duebbert and Lokemoen 
(1980) found only 0.17 nests per hectare in northcentral South Dakota.
Nesting Success
The literature contains a large volume of nest success values based 
on the traditional method of calculation (% success = number 
hatched/total number of nests X 100). A somewhat smaller portion of the 
literature presents nest success based on daily survival rates (the 
Mayfield method). In this study, nest success values calculated using 
the Mayfield method averaged 17.4% lower than values calculated using 
the traditional method. In the following discussion, nest success values 
are from Mayfield analyses unless denoted by (T) for values derived from 
the traditional method.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 5. Total 
cover
number of 
type for
oeata found 
1982 and 1983
and number of oeata per hectare in each
1982 1983 Combined
Cover Type No. neeta Heata/ha No. neata Neata/ha Neata/ha
Saline Lovlanda 25 0.98 29 1.13 1.06
Panapota 52 0.27 80 0.41 0.35
Silty 25 0.15 35 0.21 0.19
Shallow Clay 7 0.15 5 0.11 0.13
All range aitea 109 0.25 149 0.35 0.31
DNC 59 0.73 50 0.62 0.68
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Of the 367 nests located in 1982 and 1983, 343 were used in 
calculating traditional nest success and 325 were used in calculating 
Mayfield nest success. Nests of unknown fate (n=24) and abandoned nests 
(n“18) were not included in the Mayfield analyses (Mayfield 1975, Miller 
and Johnson 1978), Nest success averaged 49.0% for all cover types 
combined for both years of the study (Table 6). Nest success in DNC was 
significantly lower than in other cover types. Nest success in native 
prairie (61.8%) was over twice the nest success in DNC. Nest success in 
saline lowland sites was significantly higher than in silty sites. In 
addition, nest success was higher in panspot sites than in silty sites 
(Z ■ 1.42, 0.10 > P > 0.05). Any difference between saline lowlands and 
panspot sites was not statistically discernible (Z - 1,06, 0.25 > P > 
0.10).
Other studies on undisturbed mixed-grass prairie have shown much 
variation in nest success. Rodriguez (1984) reported 42% nest success in 
northeastern Montana. Other authors have reported nest success values of 
0% for gadwall in central Saskatchewan (Hines and Mitchell 1983), 28%
(T) for all species in eastern North Dakota (Kirsch 1969),and 63% (T) 
for all species in northcentral South Dakota (Duebbert and Lokemoen 
1980).
Sample sizes did not permit detailed comparison of nesting success 
among species, but late nesting species (gadwall, northern shoveler and 
lesser scaup) showed a somewhat higher nest success than mallards and 
northern pintails (54.9% vs. 37,4%, Z ■ 1,61, 0.10 > P > 0,05; Table 7). 
The comparatively low nesting success for gadwall (42,5%) may have been 
influenced by their tendency to nest in DNC stands, the cover type with
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 6» Percent nest succeea by cover type in 1982 and 1983. () " sample 
size. Values followed by the same subscript are significantly
different at the 0.05 level of probability#
Traditional nest success Mayfield nest success
Cover type 1982 1983 Both 1982 1963 Both
Panspota 78.4 (51) 87.0 (77) 83.6 (128) 54.9 71.7 64.8 a
Silty 80.0 (25) 64.7 (34) 71.2 (59) 64.2 40.0 49.8 a b
Saline lowland 88.0 (25) 88.5 (26) 88.2 (51) 77.3 74.7 76.1 b
Shallow clay 71.4 (7) 80.0 (5) 75.0 (12) 51.6 79.9 67.0
Subtotal 80.6 (108) 81.7 (142) 81.2 (250) 60.9 62.5 61.8 c
DNC 50.0 (56) 43.2 (37) 47.3 (93) 32.4 22.3 28.3 c d
All cover types 70.1 (164) 73.7 (179) 72.0 (343) 47.6 50.4 49.0 d
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 7. Percent 
■ ize.
nest success by duck species in 1982 and 1983. () - sample
Traditional nest success Mayfield nest success
Duck epeciea 1982 1983 Both 1982 1983 Both
Cadvall 70.8 (65) 63.5 (52) 67.5 (117) 54.2 37.1 42.5
Northern Shoveler 80.0 (35) 82.5 (63) 81.6 (98) 63.7 63.0 63.2
Blue-winged Teal 50.0 (24) 75.0 (16) 60.0 (40) 43.1 58.1 47.9
Leaser Scaup 78.9 (19) 90.4 (21) 85.0 (40) 57.0 82.2 70,7
Northern Pintail 62.5 (8) 76.5 (17) 72.0 (25) 32.4 51.7 44.8
Mallard 66.7 (9) 28.6 (7) 50.0 (16) 42.3 11.8 25.3
All species 70.1 (164) 73.7 (179) 72.0 (343) 47.6 50.4 49.0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
19
the lowest overall nesting success. Of all gadwall nests found (N "
132), 55% were in DNC, compared to 20.9% for lesser scaup and 5.0% for 
northern shoveler. With gadwalls omitted, the comparison of late versus 
early nesters yielded a higher level of significance (65.4% vs. 34.6%, Z 
- 2.24, P < 0.05).
In this as well as numerous other studies in mixed-grass prairie 
(Kirsch 1969, Duebbert and Lokemoen 1980, Hines and Mitchell 1983, 
Rodriguez 1984) the primary cause of nest failure was destruction by 
predators. Seventy percent of all unsuccessful nests were determined to 
have been depredated and total loss to predators amounted to 19.5% of 
all known fate nests and 12.4% of the nests found in native prairie 
(Table 8). Nest loss to striped skunks and red fox accounted for 61% of 
the total. The red fox has been shown to be an effective predator on 
both nesting hens and their eggs in mixed-grass prairie in North Dakota 
and Minnesota (Sargeant 1972, Johnson and Sargeant 1977, Cowardin et 
al. 1983) and Minnesota (Cowardin et al. 1983). In addition, the striped 
skunk has been implicated as a major depredator of duck nests in 
numerous studies (Keith 1961 , Duebbert and Kantrud 1974).
The relatively low level of loss to predators and the lack of 
strong dominance by any one predator species may be the result of 
several factors. Low nest densities may contribute to low levels of nest 
depredation in ground nesting birds that are cryptically colored; the 
predators'" search image is not reinforced because discovery of one nest 
does not increase the probability of finding additional nests (Tinbergen 
et al. 1967, Wiens 1976). In addition, the presence of coyotes on the 
Refuge probably limited the population of foxes. Coyotes are not
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Table 8. Nest loss attributed to specific predators for 1982 and 1983.
Species Scientific name 1982 1983 Total(Z)
Striped skunk Mephitis mephitis 16 10 26 (39)
Red fox Vulpes vulpes 10 5 15 (22)
Coyote Canis latrans 4 4 8 (12)
Richardson's ground squirrel Spermophilus richardsonii 3 2 5 (7)
Raccoon Procyon lotor 0 5 5 (7)
Avian 2 1 3 (5)
Mink Mustela vison 0 1 1 (2)
Unknown 0 4 4 (6)
Totals 35 32 67(100)
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believed to be serious depredators of duck nests (Cowardin et al, 1983) 
and are known to displace fox family groups and suppress fox populations 
(Johnson and Sargeant 1977, Bekoff 1982, Voight and Earle 1983). Coyote 
activity was documented on the eastern and southern portions of the 
Refuge and an active coyote den was present on the southern portion. One 
active fox den occurred on the west end of the Refuge in 1982, but it 
was inactive in 1983. One active fox den was found 0.5 km southwest of 
the Refuge in 1983.
AnaIvses of Visual Obstruction Measurements
The DNC plantings were omitted from the following analyses because 
of their poor condition and low productivity (see Study Area). The 
visual obstruction measurements provide an extremely reliable measure of 
the height and density of grassland vegetation (Robel et al. 1970). Mean 
visual obstruction measurements for nest locations were highest (1.73 
dm) around gadwall nests and lowest (1.17 dm) around northern pintail 
nests (Table 9). This supports the observations of Bellrose (1980) and 
others that nesting gadwalls tend to use relatively tall, dense cover 
and that northern pintails tend to nest in relatively sparse cover. The 
mean of visual obstruction measurements taken at the nest was 
significantly (P < 0.05) higher than the mean of measurements taken 6m 
north of the nest. The mean differences ranged from 0.55 dm at northern 
shoveler nests to 0.84 dm at gadwall nests.
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Table 9* Comparison of visual obstruction of the vegetation at nest 
sites and adjacent sites.
Mean visual 
obstruction reading (dm)
Species N
Nest
sites
Adjacent
sites
Mean
Difference Probabil
Gadwall 54 1.73 0.89 0.84 < 0.05
Lesser Scaup 32 1.61 0.98 0.63 < 0.05
Blue-winged Teal 32 1.51 0.86 0.65 < 0.05
Mallard 9 1.47 0.82 0.64 < 0.05
Northern Shoveler 86 1.31 0.76 0.55 < 0.05
Northern Pintail 20 1.17 0.61 0.56 < 0.05
Paired t-tests
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The 2 range sites with the highest visual obstruction measurements 
(panspots and saline lowlands) were also those with the highest nest 
success (Table 10). Visual obstruction measurements taken at the nest 
were significantly (P < 0.05) higher than the measurements taken 6m 
north of the nest. The mean differences ranged from 0.55 dm in panspot 
sites to 0.82 dm in shallow clay sites. These results imply a level of 
nest site selection within cover types in addition to differential use 
of the cover types themselves.
The benefits of tall dense cover for nesting waterfowl have been 
documented and discussed by many authors. Some of the most comprehensive 
discussions and literature reviews are found in: Dwemychuck and Boag 
1972, Schrank 1972, CVWMA 1974, Kirsch et al, 1978, and Livezey 1981. 
Most studies have shown that nest density and nest success are highest 
in relatively tall and dense cover; my results support this generality.
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Table 10. Comparison of visual obstruction of the vegetation at 
nest sites and adjacent sites.
Mean visual 
obstruction reading (dm)
Range site N
Nest
sites
Adjacent
sites
Mean
Difference
a
Probability
Saline lowlands 50 1.66 0.91 0.75 < 0.05
Panspots 119 1.47 0.92 0.55 < 0.05
Silty 57 1.35 0.62 0.73 < 0.05
Shallow clay 12 1.33 0.51 0.82 < 0.05
Paired t-tests
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MANAGEMENT CONSIDERATIONS
Variation in nesting densities, nest success and visual obstruction 
values among and within range sites suggests a certain inadequacy in the 
use of "native grassland" and similar generalizations to categorize 
waterfowl nesting habitat. These generalizations may result from the 
inherent bias of viewing grasslands as structurally homogeneous, or 
fine-grained, environments. The concept of environmental grain (Levins 
1968) refers to different perspectives on variation in the environment. 
In fine-grained environments, patches (Wiens 1976) are so small that the 
individual cannot usefully distinguish among them. In coarse-grained 
environments, patches are relatively large and individuals can choose 
among them (Ricklefs 1979). Of critical importance is the concept that 
the patch structure of an environment is that which is recognized or 
relevant to the organisms under consideration. Patchiness is thus 
defined hy the organism; it must be considered in light of the 
perception of the organism and not that of the investigator (Wiens 
1976). The results of this study suggest that selection of nest sites 
depends on the hens' perception of the arid mixed-grass prairie as a 
coarse-grained environment. This phenomenon must be recognized and 
incorporated into experimental design and management considerations. 
"Native grassland" should be avoided when characterizing waterfowl 
nesting habitat unless further division into more discrete units is 
included in the classification. Given the variation in plant species
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composition, morphology, and site productivity between and within the 
major types of native grasslands (Stoddart et al. 1975), the term 
becomes vague and comparisons of results from studies conducted in 
"native grasslands" may be meaningless. The use of range site surveys in 
habitat classification will not eliminate variation within, and overlap 
between units, but it should be adequate for identification of 
management units. An additional advantage of using this system is that 
it would serve to standardize classification for comparison between 
studies and study areas.
During the 2 years of this study, nest success at Bowdoin was 
generally much higher than that found in undisturbed mixed-grass prairie 
in the prairie pothole region (excluding islands and some predator 
reduction areas). Nest success (Table 6) in all cover types combined 
(72.0% T) and in native prairie (range = 71.2% to 88.2% T) are both 
above the goal of 70.0%(T) set by researchers at the Northern Prairie 
Wildlife Research Center (Nelson and Duebbert 1974). Based on this and 
other studies conducted in this region (Cowardin et al. 1983) it is 
unlikely that nest loss to predators will be a serious problem in most 
years. The level of nest loss will fluctuate with changes in the 
effectiveness of the vegetation in concealing hens and nests, and 
changes in the relative abundance of certain predator species or their 
prey base. An increase in fox or skunk populations would likely result 
in a decrease in nest success. Coyotes provide some measure of natural 
control on fox populations, and skunk population levels may be decreased
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by reducing the availability of denning sites (Godin 1982). Skunks 
usually den in abandoned burrows of other mammals, but they will also 
use culverts, garbage dumps, building foundations and holes under fallen 
logs and old stumps.
The comparatively low productivity of range sites in this area 
precludes the direct applicability of certain management procedures 
often prescribed for the prairie pothole region. The use of grazing or 
fire to remove excess litter is a practice required in only the most 
productive sites, and probably not a major concern at Bowdoin. However, 
periodic disturbance for the purpose of maintaining or increasing plant 
vigor or manipulating plant species composition may be desirable. The 
design of an effective grazing program poses logistical and biological 
problems. Little is known of the rotation time involved in maximizing 
and maintaining cover production (as opposed to forage production) in 
this area (Larry Rau, ELM Range Conservationist, Malta Area office, 
Malta, MI. pers. comm.). In addition, yearly rainfall patterns vary 
substantially in this area and rotation times would vary accordingly. 
This causes problems for both the wildlife manager and the livestock 
operator because the goals of maximizing cover production and providing 
a reliable source of forage will often conflict. Design of an effective 
burning program would also require knowledge of rotation timing for 
burns, in addition to seasonal effects of burning on specific plants.
Burning can increase the short-term availability of certain mineral 
salts such as P, K, Mg and Ca (Daubenmire 1968, Vogl 1974) but grazing
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would tend to reduce availability. The removal of these macronutrients 
may be critical in soils of low productivity. In addition, burning may 
be helpful in the control of clubmoss (Bailey 1978) which would result 
in an increase in available nesting cover in areas that are infested 
with clubmoss. Although fire has been shown to be an effective tool for 
maintenance and improvement of duck nesting habitat in North Dakota 
(Kirsch and Kruse 1972), those results are not directly applicable in 
semi-arid areas. Any program designed to manipulate the grasslands in 
this area must be implemented on an experimental basis, incorporating 
periodic monitoring of cover production, nest density, and nest success.
Although nest density was relatively high in DNC, nest success was 
significantly lower than in other cover types. The DNC plantings on 
Bowdoin NWR are located on alkaline claypan soils of marginal 
productivity, in panspot range sites. The location of the plantings and 
dry conditions during establishment and rejuvenation attempts (Gene 
Sipe, Refuge manager, Bowdoin NWR , pers. comm.), have resulted in poor 
stand quality in all of the plantings. In addition, 3 of the 5 plantings 
are smaller than the minimum 17 ha recommended by Duebbert et 
al. (1981). Results based on the analysis of the DNC data are not 
applicable in general comparisons of DNC with other cover types; 
however, they do serve as a reminder of the need to follow established 
guidelines (Duebbert et al. 1981) when considering the feasibility of 
habitat seeding programs. Given the current condition of the 5 stands, 
the low productivity of the soils on which they are located, and
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variability of local rainfall patterns, I recommend that the 5 DNC 
stands be left undisturbed to revert to native species. Periodic 
monitoring of the change in species composition and the rate of 
conversion from DNC to native species may have application for similar 
situations in this area.
Results of this study indicate that areas set aside for waterfowl 
production in the arid mixed-grass region can match current levels of 
production realized in the prairie pothole region: high nest success can 
compensate for comparatively low nest densities. Production potential is 
higher in the prairie pothole region but the higher nest densities are 
often offset by low nest success. Nest success in most of central and 
eastern North Dakota currently averages less than 15% (Cowardin et 
al. 1983).
The challenge to wildlife managers in the arid mixed-grass region 
is to meet the production potential these areas afford. Errors in 
prescription for habitat manipulation are critical in arid areas of low 
productivity, and recovery periods may be extensive. Also annual 
fluctuations in production may be masked by sampling variation inherent 
in production surveys. Regular monitoring of cover availability 
(quantity and quality) and nest success should be combined with 
production surveys to measure the effectiveness of local management 
efforts. In addition, information on brood survival and habitat use is 
needed to effectively measure production to flight stage and to gain 
further understanding of the factors that affect duck production in this
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area.
The following specific recommendations are provided for 
consideration by managers and researchers:
1) Incorporate the concept of organism-defined habitat perception in 
experimental design and management plans;
2) Conduct passive predator control by maintaining the local coyote 
population in deference to its effect on red foxes, and by reducing the 
number of available denning sites for striped skunks;
3) Implement a program of experimental manipulation of native grasslands 
in an attempt to maintain or improve their quality as nesting habitat;
4) Leave the DNC stands undisturbed to revert to native species;
5) Combine regular monitoring of cover availability (quantity and 
quality) and nest success with annual production surveys and;
6) Quantify brood survival and habitat use to effectively measure duck 
production to flight stage.
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